Complex glycosaminoglycans: profiling substitution patterns by two-dimensional nuclear magnetic resonance spectroscopy.
Biological and pharmacological interactions of heparin and structurally related glycosaminoglycans (GAGs) such as heparan sulfate (HS) involve complex sequences of variously sulfated uronic acid and aminosugar residues. Due to their structural microheterogeneity, these sequences are usually characterized in statistical terms, by high-performance liquid chromatographic analysis of fragments obtained by enzymatic or chemical degradation. Nuclear magnetic resonance (NMR) spectroscopy is also currently used for structural characterization of GAGs. However, the use of monodimensional NMR analysis of complex GAGs is often limited by severe signal overlap that does not allow reliable quantitative measurements. Using magnetically equivalent signals, the higher resolution achieved by two-dimensional NMR methods could be also exploited for quantitative applications. In this work, heteronuclear single quantum coherence (HSQC) spectroscopy has been evaluated to determine variously substituted monosaccharide components of HS and HS mimics obtained by chemical modification of the Escherichia coli K5 polysaccharide (K5-PS) structurally related to the common biosynthetic precursor of heparin and HS. Heparin was used as a model for assessing the influence of 1H-13C spin-spin couplings on "volumes" of the corresponding signals. For major signals, the HSQC approach permitted quantification of additional structural features both in heparins and in a typical HS. The method was applied to profile the substitution patterns of K5-PS derivatives involving different degrees of N,O-sulfation and N-acetylation, including O-sulfated heparosans bearing free amino groups.